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Abstract: Science education in elementary schools is still dominated by conventional methods, 
which are thus unable to optimally foster student engagement and conceptual understanding. 
Advances in Artificial Intelligence (AI) offer opportunities to transform learning into a more 
interactive and adaptive experience; however, its success depends heavily on teacher readiness. 
This study aims to describe and analyze the readiness of elementary school teachers to address 
the transformation of science education through AI. The method used is a Systematic Literature 
Review (SLR) employing the PRISMA approach, involving a search of articles in the Scopus 
database from 2021 to 2025, which were then screened to identify 10 relevant and high-quality 
articles. The results indicate that, in general, teachers exhibit positive attitudes, high interest, 
and good acceptance toward the use of AI in learning. However, in terms of technical and 
pedagogical competencies, teachers’ readiness remains at a moderate level and is not yet 
uniform. Limited digital literacy, a lack of training, and insufficient infrastructure support are 
the main obstacles. Therefore, it is concluded that elementary school teachers’ readiness to face 
AI-based science learning transformation falls into the “sufficiently prepared” category; 
however, it still requires improvement through continuous training, competency enhancement, 
and support in facilities and policies so that AI implementation can proceed optimally and 
sustainably 
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Abstrak: Pembelajaran IPA di sekolah dasar masih didominasi metode konvensional, sehingga 
kurang mampu mengembangkan keterlibatan dan pemahaman konsep siswa secara optimal. 
Perkembangan Artificial Intelligence (AI) menawarkan peluang transformasi pembelajaran 
menjadi lebih interaktif dan adaptif, namun keberhasilannya sangat bergantung pada kesiapan 
guru. Penelitian ini bertujuan guna menggambarkan dan menganalisis kesiapan guru sekolah 
dasar untuk menghadapi transformasi pembelajaran IPA melalui AI. Metode yang digunakan 
yaitu Systematic Literature Review (SLR) melalui pendekatan PRISMA, melalui penelusuran 
artikel pada basis data Scopus tahun 2021–2025, yang kemudian diseleksi hingga diperoleh 10 
artikel yang relevan dan berkualitas. Hasil penelitian menunjukkan bahwa secara umum guru 
memiliki sikap positif, minat tinggi, serta penerimaan yang baik terhadap penggunaan AI dalam 
pembelajaran. Namun, dari aspek kompetensi teknis dan pedagogis, kesiapan guru masih 
berada pada tingkat sedang dan belum merata. Keterbatasan literasi digital, kurangnya 
pelatihan, serta minimnya dukungan infrastruktur menjadi kendala utama. Maka disimpulkan, 
kesiapan guru sekolah dasar dalam menghadapi transformasi pembelajaran IPA berbasis AI 
berada pada kategori cukup siap, tetapi masih memerlukan peningkatan melalui pelatihan 
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berkelanjutan, penguatan kompetensi, serta dukungan sarana dan kebijakan agar implementasi 
AI dapat berjalan secara optimal dan berkelanjutan 
 
Kata kunci: IPA, Artificial Intellegence, Sekolah Dasar 
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▪​ INTRODUCTION 
Science education in elementary school plays a crucial role in developing 

students’ conceptual understanding and critical thinking skills (Hanafi & Komalasari, 
2025; Sidabalok et al., 2025). Science is not merely focused on understanding the 
subject matter, but on the scientific process involving observation, experimentation, and 
reasoning (Angelia et al., 2022; Hariyanto et al., 2025). However, the reality in the field 
indicates that science lessons still focus on conventional methods such as lectures and 
rote memorization (Orujlu, 2025; Parno & Agustinus, 2022). This results in students 
being passive, less engaged in teaching and learning activities, and facing difficulties in 
connecting concepts to their daily lives.  

The development of digital technology, particularly Artificial Intelligence (AI), 
presents significant opportunities to transform science education into a more innovative 
and interactive experience (Naimah, 2022; Purba et al., 2025). AI enables personalized, 
adaptive learning and is capable of providing rapid feedback to students (Alkan, 2024; 
Shambhavi et al., 2025). In the context of science education, AI can be utilized to 
visualize abstract concepts, conduct experimental simulations, and support data-driven 
learning (Boltaeva, 2025; Hariyanto et al., 2025). Consequently, the use of AI has the 
potential to enhance students’ conceptual understanding and engagement in teaching 
and learning activities. 

Although AI holds great potential in the field of education, the success of its 
implementation depends on teachers’ readiness to serve as the primary facilitators of 
teaching and learning activities (Alshorman, 2024; Sadykova & Kayumova, 2024). 
Teacher readiness encompasses not only the technical skills to apply technology but also 
pedagogical understanding and a positive attitude toward learning innovations (Ismail et 
al., 2024; Nugroho et al., 2024). Teachers are required to be able to effectively integrate 
AI to support the achievement of science learning objectives (Cabral & Palavras, 2025; 
Octavio & Leocadio, 2025). Thus, teacher readiness is a key factor in the success of 
AI-based learning innovation transformation in elementary schools.  

In reality, not all teachers are adequately prepared to deal with technological 
advancements, particularly AI (Azim, 2025; Rahangmetan et al., 2025). Some of the 
obstacles frequently encountered include limited digital literacy, a lack of training, and 
insufficient facility support from schools (Anwar et al., 2025; Rustandi et al., 2024). 
Furthermore, there are still teachers who hold negative perceptions or have reservations 
about the use of technology in learning. These conditions have resulted in the use of AI 
in science education not yet being optimal and not yet being evenly distributed across 
various elementary schools. 

Several previous studies have indicated that the integration of technology into 
teaching activities can have a positive impact. The first study by Hashim et al., (2022) 
found that the use of AI can enhance the personalization of learning and improve 
student learning outcomes. The study by Pazmiño et al., (2024) found that the use of 
digital technology can boost student motivation and engagement in learning activities. 
A third study by Aprianto et al., (2025) revealed that the integration of innovative 
technologies, including AI, can improve students’ critical thinking and problem-solving 
skills. However, these studies still focus on the implementation of technology in 
learning and have not yet thoroughly examined teacher readiness as a key factor in the 
successful application of AI. 
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The development of AI technology presents new challenges for the world of 
education, particularly for elementary school teachers who are expected to adapt to 
technology-based learning changes. However, the lack of systematic studies on teacher 
readiness often results in suboptimal AI implementation in the field. Important aspects 
such as pedagogical competence, digital literacy, attitudes toward technology, limited 
training, and facility support still need to be thoroughly examined so that the use of AI 
can be effective and does not create learning gaps. 

This study is novel because it employs the Systematic Literature Review (SLR) 
method to analyze teachers’ global readiness to address the transformation of science 
education through AI. Unlike previous studies that have primarily focused on the 
effectiveness of AI on student learning outcomes, this study focuses on teachers’ 
readiness as the primary implementers of learning. The SLR approach, utilizing 
internationally reputable literature sources, enables a more comprehensive 
understanding of the aspects of knowledge, skills, attitudes, and implementation 
challenges of AI across various educational contexts. 

Based on this, the research question is: How prepared are elementary school 
teachers to address the transformation of science education through AI? The research 
objectives are to describe and analyze teachers’ readiness to integrate AI, identify the 
factors influencing it, and provide a foundation for developing effective, innovative, and 
sustainable AI implementation strategies in science education at the elementary school 
level 

 

▪​ METHOD 
This study employs a Systematic Literature Review (SLR) approach, utilizing 

data from the Scopus database and adhering to the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines as a systematic framework to 
enhance transparency and accuracy in the process of identifying, screening, and 
synthesizing scientific articles relevant to the research topic (Ulfha et al., 2025). The 
purpose of the SLR approach in this study is to present comprehensive and objective 
knowledge regarding the results of previous research on elementary school teachers’ 
readiness to face the transformation of science learning innovation through AI, while 
also identifying research gaps and providing direction for future research (Ratih et al., 
2025). 

Data collection for this study was conducted through a literature search in the 
Scopus database, which serves as the primary source due to its international reputation 
and provision of high-quality scientific articles. The search process utilized a 
combination of keywords relevant to the research topic, namely (“Science Education” 
OR “Science Learning”), (“Artificial Intelligence” OR “AI”), and (“Elementary School” 
OR “Primary School”). The search was limited to the publication years 2021 to 2025 to 
obtain an overview of the latest research developments related to the topic under study. 
Subsequently, the search results were filtered based on inclusion criteria, namely articles 
focusing on the use of AI in science learning, as well as relevance to the context of 
elementary education. Exclusion criteria included articles that did not align with the 
topic, were not available in full-text format, and data duplicates. The selection process 
was conducted in stages according to the PRISMA flowchart, resulting in a set of 
articles meeting the criteria for analysis in this study. The PRISMA flowchart involves 
identification, screening, and analysis, as shown in Figure 1. 
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Figure 1. Stages of a Systematic Literature Review 

The search results from the Scopus database were then screened based on 
predetermined criteria, namely scientific articles relevant to the topic of elementary 
school teachers’ readiness to face the transformation of science education based on 
Artificial Intelligence (AI), as well as those meeting adequate publication quality 
standards. Quality criteria were determined based on a minimum Scopus indexing with 
Q2 as an indicator of the article’s impact and credibility within the Scopus database. 
Proceedings and non-article sources were excluded from the scope of this study. The 
selection process was conducted systematically through the identification, screening, 
eligibility evaluation, and inclusion steps outlined in the PRISMA guidelines, resulting 
in the selection of the ten most relevant articles for analysis. This number represents the 
final outcome of the systematic selection process of all initial findings in Scopus, while 
other articles were eliminated because they were indicated as duplicates, irrelevant to 
the topic, not focused on the elementary school level, or did not meet the established 
criteria.  

Based on the review results, these ten articles demonstrated relatively consistent 
patterns of findings and were therefore deemed sufficiently representative to address the 
research objectives. These selected articles were subsequently used as the basis for the 
analysis in this study, as presented in Figure 2.  

Figure 2. Stages of Inclusion Criteria 
The figure illustrates the systematic stages of article selection in this study. 

During the identification stage, an initial search using the keywords (“Science 
Education” OR “Science Learning”) yielded 29,412 results, which were then filtered to 
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the years 2021–2025, resulting in 12,937 articles. Next, the search was narrowed by 
adding the keywords (“Artificial Intelligence” OR “AI”), yielding 752 articles. The 
subsequent stage involved adding the keywords (“Elementary School” OR “Primary 
School”), resulting in 59 more specific articles aligned with the study’s focus. 

Following this, a screening phase was conducted by limiting the publication year 
to the 2021–2025 range and selecting articles based on the relevance of their titles and 
abstracts. In the analysis stage, articles were reselected based on quality criteria, namely 
being indexed in Scopus with a Q2 ranking as an indicator of academic impact. Through 
this process, 10 articles that met the criteria were identified and used as the final 
analysis material in the study 

 

▪​ RESULT AND DISCUSSION 
The data for this study were sourced from scientific articles identified through a 

search of the Scopus database, yielding an initial total of approximately 29,412 
publications. The literature review focused on scientific articles relevant to elementary 
school teachers’ readiness to address the transformation of science education through 
AI. The search was conducted using a combination of keywords (“Science Education” 
OR “Science Learning”), (“Artificial Intelligence” OR “AI”), and (“Elementary School” 
OR “Primary School”), and was limited to the period 2021–2025 to identify research 
trends, as presented in Graph 1. 

 
Graph 1. Growth in the Number of Articles from 2021 to 2025 

As shown in Figure 1, the number of Scopus-indexed articles has shown a 
consistent increase from 2021 to 2025. In 2021, there were 6 publications, which 
increased to 9 in 2022. This upward trend continued in 2023 with 11 publications and 
saw a more significant surge in 2024 to 16 publications. In 2025, the number of articles 
increased again, albeit not as sharply, reaching 17 publications. This pattern indicates 
growing interest and an increasing research contribution year over year, suggesting that 
the field of study has shown positive and sustainable development over the past five 
years. The following presents the calculation of the average (mean) number of article 
publications per year.  

 
Thus, based on the calculation of the average (mean) number of publications 

from 2021 to 2025, the average is 11.8 articles per year. Furthermore, the percentage of 
articles discussing elementary school teachers’ readiness to face the transformation of 
science learning innovation through Artificial Intelligence (AI) is presented in Graph 2. 
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Graph 2. Percentage Growth of Articles from 2021 to 2025 

Based on the percentage chart of articles cited from the Scopus database on 
research topics during the period from 2021 to 2025, there is a variation in the 
contribution of publications each year. In 2021, the number of cited articles was 6, or 
about 10% of total publications; then in 2022, it increased to 9 articles, or about 15%. 
Furthermore, in 2023, there was another increase to 11 articles, representing 19%. A 
significant increase occurred in 2024, with the number reaching 16 articles, or 
approximately 27%. Meanwhile, in 2025, the number of articles recorded was 17, or 
29%, which was the highest number in that period. Overall, these data indicate a very 
clear upward trend in researchers’ interest and attention in examining teachers’ 
readiness to face AI-based learning in elementary schools. 

In line with the increasing trend of such publications in the Scopus database, this 
study further focuses on articles most relevant to the topic of elementary school 
teachers’ readiness to address the transformation of science education through Artificial 
Intelligence (AI). Using a Systematic Literature Review (SLR) process with data 
sourced from the Scopus database, a systematic screening process was conducted to 
identify 10 articles from Scopus that met the inclusion and eligibility criteria for 
in-depth analysis. The results of the analysis of these selected articles are then presented 
in a table to provide a concise and structured description, as shown in the table below. 

Table 1.  Analysis Results on the Readiness of Elementary School Teachers to Face the 
Transformation of Science Learning through Artificial Intelligence 

N
o Title     

Journal 
Name/Journal 
Status 

Research Findings Recommendations 

  
1. 

The Readiness to 
Use AI in 
Teaching Science: 
Science Teachers' 
Perspective 
(Alshorman, 
2024) 

Journal of 
Baltic Science 
Education /Q2 

Teachers demonstrate a 
high level of interest in 
AI-based learning 
innovations, particularly to 
help explain complex 
science concepts. However, 
limited technical 
competencies and a lack of 
training support are the 
main barriers to its 
implementation in the 
classroom 

Teachers’ technical 
competencies need to be 
strengthened through 
workshops and guidance 
on using AI in science 
education, so that their 
readiness extends 
beyond mere attitude to 
include practical 
implementation skills in 
the classroom 

  
2. 

Application of 
artificial 
intelligence APP 

Educational 
Studies/Q1 

The use of AI applications 
in science education 
enables a more systematic 

It is recommended to 
utilize AI applications 
as evaluation tools to 
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in quality 
evaluation of 
primary school 
science education 
(Huang, 2022) 

and accurate evaluation 
process, allowing teachers 
to clearly observe students’ 
conceptual understanding 
and learning outcomes 

obtain a more accurate 
picture of students’ 
learning outcomes. 

  
3. 

Integrating 
artificial 
intelligence into 
science lessons: 
Teachers' 
experiences and 
views 
(Park et al., 2023) 

International 
Journal of 
Science 
Education/ Q2 

Teachers have a positive 
attitude and high interest in 
the use of AI, but their 
technical and pedagogical 
readiness still varies, 
particularly in terms of 
skills in operating 
technology and designing 
AI-based learning 

There is a need for 
increased practice-based 
training to strengthen 
teachers’ readiness, 
particularly in 
effectively integrating 
AI into science learning 
in elementary schools 

  
4. 

The use of 
Artificial 
intelligence in 
school science: a 
systematic 
literature review 
(Heeg & 
Avraamidou, 
2023) 

Educational 
Media 
International/ 
Q2 

Some teachers demonstrate 
a supportive attitude 
toward the use of AI in 
science lessons, but their 
readiness is still not 
optimal, particularly 
regarding technological 
literacy, understanding of 
AI pedagogy, and 
confidence in its 
implementation 

Teacher readiness needs 
to be strengthened 
through continuous 
training that not only 
improves technological 
literacy but also deepens 
understanding of 
AI-based pedagogy and 
builds confidence in 
integrating it 

  
5.  

Innovative 
Teaching: How 
Pre-service 
Teachers Use 
Artificial 
Intelligence to 
Teach Science to 
Fourth Graders 
(Abualrob, 2025) 
 

Contemporary 
Educational 
Technology/Q1 

The use of artificial 
intelligence by teachers can 
enhance science lessons in 
elementary schools, 
particularly by helping to 
create more interactive and 
contextual learning 
materials. Science lessons 
can be made engaging and 
easily understood by 
fourth-grade students, 
although teachers’ 
pedagogical readiness and 
ability to craft AI prompts 
still need improvement 

Specialized training is 
needed for teachers in 
designing AI prompts 
and integrating them 
into science instruction 
so that the application of 
AI does not merely 
assist in material 
creation but also 
enhances pedagogical 
quality and deepens 
students’ conceptual 
understanding 

  
6. 

The Role of 
Artificial 
Intelligence 
(AI)-Assisted 
Question 
Generation on 
Preservice 
Science Teachers’ 
21st-Century 
Teaching 
Competencies 
(Zorlu, 2025) 

Journal of 
Baltic Science 
Education/Q2 

The use of AI in creating 
science questions enhances 
teachers’ 21st-century 
skills, such as critical 
thinking, collaboration, and 
technology use, and makes 
learning more interactive, 
thereby improving 
teachers’ readiness for 
technology integration 

It is recommended that 
elementary school 
teachers receive training 
in using AI to create 
science questions, so 
they can improve the 
quality of interactive 
learning that is relevant 
to technological 
advancements 
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7. 

The Effectiveness 
of Teacher 
Support for 
Students’ 
Learning of 
Artificial 
Intelligence 
Popular Science 
Activities 
(Wu & Yang, 
2022) 

Frontiers in 
Psychology/ Q1 

The success of AI-based 
science learning depends 
heavily on teachers’ 
readiness to provide 
instructional support. 
Teachers who are 
pedagogically and 
technologically prepared 
can enhance students’ 
understanding of scientific 
concepts and learning 
outcomes through 
interactive, 
problem-solving-based AI 
activities. 

Elementary school 
teachers need to 
improve their readiness 
in integrating AI, both 
pedagogically and 
technologically, and be 
able to adjust the level 
of support so that 
science learning remains 
effective and fosters 
students’ independent 
thinking. 

  
8. 

Science Teachers' 
Perceptions of the 
Artificial 
Intelligence in 
Science 
Education: 
Challenges, 
Readiness, 
Benefits, and 
Impact on Student 
Learning 
(Efe & Aslan, 
2025) 

Journal of 
Baltic Science 
Education/Q2 

Science teachers have a 
positive perception of the 
use of AI in science 
education because it 
enhances conceptual 
understanding, visualizes 
abstract concepts, and 
increases student 
engagement However, 
teachers’ readiness is still 
limited by insufficient 
training, inadequate 
infrastructure, and low 
technological literacy 

There is a need for 
continuous professional 
development and the 
provision of adequate 
infrastructure so that 
teachers can optimize 
the use of AI in science 
education and enhance 
student engagement and 
understanding 

  
9. 

Task/Technology 
Fit or Technology 
Attraction? The 
Intentions of 
STEM Teachers 
to Use AI 
Technologies for 
Teaching 
Innovation 
(Chen et al., 
2025) 
 

The 
Asia-Pacific 
Education 
Researcher /Q1 

STEM teachers’ readiness 
and intentions to use AI in 
teaching, including science, 
are influenced by the fit 
between the technology 
and learning needs 
(task-technology fit) and 
their attraction to the 
technology itself. AI has 
proven to have the potential 
to enhance science learning 
innovation, particularly in 
the presentation of content 
and more interactive 
learning activities 

Support for 
strengthening 
pedagogical 
competencies and 
integrating AI into 
learning objectives is 
essential to ensure that 
the resulting innovations 
are more effective and 
meaningful. 

 
10
. 

Acceptance of 
Artificial 
Intelligence in 
Teaching Science: 
Science Teachers’ 
Perspective  
(Al Darayseh, 
2023). 

Computers and 
Education: 
Artificial 
Intelligence /Q1 

Teachers demonstrate a 
high level of acceptance 
toward the application of 
AI in science lessons. 
Teachers’ readiness is 
reflected in high levels of 
self-efficacy, positive 
attitudes, and perceptions 

There is a need to 
enhance training 
programs and strengthen 
teachers’ competencies, 
particularly in the use of 
AI for science 
education, so that 
teachers’ readiness 
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of the ease and benefits of 
using AI. 

extends beyond mere 
attitude to the actual 
implementation of 
activities in the 
classroom 

 
The use of Artificial Intelligence (AI) in elementary science education shows 

strong potential to support educational transformation, especially in terms of teacher 
readiness to integrate this technology. Studies indicate that teachers generally have 
positive attitudes toward AI, but their readiness varies, with limitations in technological 
literacy, understanding of AI-based pedagogy, and confidence in classroom application 
(Heeg & Avraamidou, 2023; Park et al., 2023). AI can support the creation of 
interactive and contextual learning materials (Abualrob, 2025)., and its use in tasks such 
as question design can also enhance teachers’ 21st-century skills, including critical 
thinking, collaboration, and digital literacy (Zorlu, 2025), showing that AI contributes to 
the ongoing development of teacher readiness 

Furthermore, the success of AI-based learning in elementary science education 
is largely determined by teachers’ readiness, particularly in providing appropriate 
pedagogical and technological support, which can enhance students’ conceptual 
understanding, engagement, and learning outcomes through interactive activities (Wu & 
Yang, 2022; Efe & Aslan, 2025). AI also contributes to more systematic and accurate 
assessment processes, enabling teachers to better monitor student progress and 
supporting the development of adaptive, data-driven evaluation systems (Huang, 2022) 
(Zorlu, 2025). Although teachers generally show positive attitudes, high acceptance, 
and perceived benefits of AI use (Al Darayseh, 2023), their competencies remain 
limited due to insufficient training, low technological literacy, and infrastructure 
constraints (Alshorman, 2024; Efe & Aslan, 2025). Therefore, effective AI integration 
requires alignment between technology, learning objectives, and teachers’ pedagogical 
readiness to ensure optimal impact on science education (Chen et al., 2025) 

Based on a synthesis of these various findings, it can be concluded that 
elementary school teachers’ readiness to integrate Artificial Intelligence (AI) into 
science education falls into the “adequate” category, particularly in terms of their 
attitudes, interest, and acceptance of the technology, which tend to be positive. 
However, in terms of technical and pedagogical competencies, this readiness remains 
uneven and needs to be improved. Teachers still require strengthening in technological 
literacy, AI-based instructional design, and the ability to effectively utilize AI in the 
learning and assessment processes. Additionally, constraints such as limited 
infrastructure and a lack of training also pose barriers to implementation. Therefore, 
sustained efforts through training, competency enhancement, and support for facilities 
and infrastructure are necessary to ensure that the integration of AI into science 
education can be implemented optimally and sustainably. 

The findings reveal a paradox: elementary school teachers generally have 
positive attitudes toward Artificial Intelligence (AI), yet their technical and pedagogical 
competencies remain low. This aligns with the Technology Acceptance Model, where 
perceived benefits encourage acceptance even when implementation skills are limited, 
as teachers see AI as helpful for administration, media creation, and personalized 
learning (Heeg & Avraamidou, 2023; Park et al., 2023). However, low digital literacy, 
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limited training, and lack of clear guidelines hinder its effective use (Alshorman, 2024; 
Efe & Aslan, 2025). As a result, AI use is still limited to basic tasks and has not fully 
supported curriculum goals such as differentiated learning, indicating the need to align 
teacher competencies, instructional design, and curriculum implementation so AI can 
truly transform science education (Chen et al., 2025). 
Elementary School Teachers’ Readiness to Address the Transformation of Science 
Education through Artificial Intelligence (AI) 

Artificial Intelligence (AI) is increasingly used in elementary science education 
as it supports interactive, adaptive, and data-driven learning, helping students 
understand concepts through visualization, simulations, and immediate feedback 
(Gontina & Asyhar, 2023; Siagian & Sofiyah, 2024; Prima et al., 2025; Kuang et al., 
2025; Muzaki et al., 2025; Tang, 2024). However, its successful integration depends on 
teacher readiness, including knowledge, skills, and attitudes toward technology, where 
teachers must be able to understand and apply AI in effective learning strategies 
(Ayanwale et al., 2022; Yulianto et al., 2025; Guo, 2025; McBean, 2025; Nasrah et al., 
2025). In Indonesia, this remains a challenge due to uneven and still-developing digital 
literacy, highlighting the need for continuous training and supportive policies to 
strengthen teachers’ competencies. 

Teachers’ attitudes and acceptance of Artificial Intelligence (AI) are crucial for 
its integration into elementary science education (Guo, 2025; McBean, 2025). While 
many teachers view AI positively for making learning more interactive and supporting 
concept understanding, some remain hesitant due to limited experience and knowledge 
(Guo, 2025; McBean, 2025; Nasrah et al., 2025). Additionally, gaps in technical and 
pedagogical competencies show that teachers need balanced training to effectively 
integrate AI into meaningful learning (Gontina & Asyhar, 2023; Siagian & Sofiyah, 
2024). In Indonesia, AI implementation presents opportunities but also challenges, such 
as uneven digital literacy and limited infrastructure, especially in 3T areas (Kurniawati 
et al., 2025; Murwani et al., 2025). Therefore, policies, training, and infrastructure 
support are needed to ensure equitable and effective use of AI in science learning 
(Kaswar et al., 2023; Kurniawati et al., 2025; Murwani et al., 2025). 

Although the ten articles analyzed are mostly from a global context, the findings 
remain relevant to elementary education in Indonesia, particularly in assessing teachers’ 
readiness for AI-driven digital transformation, which varies due to differences in age, 
experience, access to technology, and digital literacy, especially between urban and 3T 
areas; therefore, strengthening digital and pedagogical competencies, providing 
contextual training, and implementing adaptive policies are essential for equitable AI 
integration. AI in science education can enhance student engagement, conceptual 
understanding, and critical thinking (Alim & Butsiarah, 2025; Tahir et al., 2025), but 
challenges such as limited digital literacy, lack of training, and inadequate facilities 
require continuous support through training, infrastructure, and policy. Overall, this 
SLR highlights both theoretical and practical implications for developing innovative, 
technology-based science learning, although it is limited by the number of studies, 
varied contexts, and focus on cognitive aspects, suggesting future research should 
broaden scope and explore AI implementation more deeply across contexts and levels. 
 

▪​ CONCLUSION 
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Based on the research findings, it was concluded that elementary school 
teachers’ readiness to address the transformation of science education using Artificial 
Intelligence (AI) falls into the “adequate” category. This is evident from the teachers’ 
attitudes, interest, and acceptance, which tend to be positive toward the use of AI in 
education. However, in terms of technical and pedagogical competencies, this readiness 
remains suboptimal and uneven. Limited digital literacy, a lack of ongoing training, and 
insufficient support for facilities and infrastructure are the main obstacles faced. 
Therefore, systematic efforts are needed to develop teachers’ skills so that the 
implementation of AI in science education can proceed effectively and to the fullest 
extent possible. 

It is recommended that the government and educational institutions provide 
ongoing training focused on enhancing teachers’ technical and pedagogical 
competencies in utilizing AI. Additionally, schools need to improve infrastructure 
support and ensure adequate access to digital technology. Teachers are also expected to 
actively develop digital literacy and innovative skills in designing AI-based learning. 
On the other hand, future researchers are encouraged to conduct direct empirical field 
studies to examine the implementation of AI in science education in a more in-depth 
and contextual manner, thereby providing a comprehensive description 
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